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INTRODUCTION
In recent years, a large amount of data on the use of RNA-containing drugs under various pathological conditions has been accumulated. RNA-containing drugs can accelerate tissue regeneration upon damage, change the course of the inflammatory process, stimulate subpopulations of lymphocytes, enhance phagocytosis of macrophages and influence the body's responses to tumors and allografts (Afjeh et al., 2013; Dogini et al., 2014; Shu et al., 2014; Zeliadt, 2014) . These effects of RNA-containing substances can be useful in correcting of age-associated conditions (Ni et al., 2011; Masuda et al., 2013) . The main mass of RNA preparations consists of various variants of micro RNA (mRNA), obtained by RNA interference methods and constituting a promising class of regulatory molecules, however, RNA preparations "native organopreparations" retain a certain value among RNA-containing substances. As a typical example, biologically active substances known as a ribonucleic acid / ribonucleotide extract (RN preparations), derivatives of connective tissue of animals and yeast (Schroeder et al., 1989; Rainsford, 1996) . Previously, similar RNA-containing substances were widely used in the complex therapy of various inflammatory syndromes, including arthritis (Stommel et al., 2015) .
The object of this study was the RNA-containing preparation Osteochondrin S, which, in addition to the yeast RNA, contains RNA of bovine cattle from intervertebral discs, cartilage, synovial fluid, placenta. This biologically active substance, known as the ribonucleic acid extract, the derivative of the connective tissue of animals and yeast (Schroeder et al.; Rainsford) . Osteochondrin S is a unique natural product that, due to its therapeutic effect obtained under empirical, long-term use by physicians in patients with osteoarthritis, attracted the attention of researchers who found this biological product was able to inhibit the activity of osteoclasts (Cantley et al., 2013) . Early experimental work Republican State Enterprise "National Center for Biotechnology" under the Science Committee of Ministry of Education and Science of the Republic of Kazakhstan. Complete address: 13/5, Kurgalzhynskoye road, Astana, 010000, Kazakhstan. The research results presented in the article are made under the grant "Evaluation of the safety and efficacy of RNA-containing biologically active substances with geroprotective potential", funded by Science Committee of the Ministry of Education and Science.
suggested the ability of this substance to stimulate the synthesis of glycosaminoglycans and collagen and to accelerate the regeneration of bone tissue in rats (Babiichuk & Belous, 1969) . In spite of the fact that Osteochondrin S was used in European countries as a medicine and now as a complementary medicine, the description of the basic pharmacological mechanism of Osteochondrin S is absent and its effect on bone tissue is not known in detail.
The search for substances with osteoprotective activity is relevant in the context of the prevalence of osteoporosis syndrome. According to statistics, the average life expectancy of women is steadily growing and more than one-third of her life is in the period of peri-and postmenopause, i.e. in conditions of age-related changes in homeostasis, accompanied by a profound restructuring of the hormonal profile and psychophysiological reactions to these changes. In this regard, more attention should be paid to adequate treatment of menopausal problems in more than 70 % of women in this period of life. Women with estrogen deficiency caused by menopause, in addition to psychoemotional symptoms and an increase of cardiovascular diseases, develop bone resorption and osteoporosis (Pérez-López, 2004; Siris et al., 2014; Matsushita & Wakatsuki, 2015; Eftekhar-Sadat et al., 2016) .
The aim of the study was to assess the osteoprotective properties of the RNA-containing preparation Osteochondrin S on the model of osteoporosis in rats caused by insufficiency of sex hormones.
MATERIAL AND METHOD
Osteochondrin S is a natural ribonucleotide extract of bovine-derived connective tissues (from accredited BSE-free sources) and yeast.
The study was approved by the Local Ethics Committee of the National Center for Biotechnology (Protocol No. 1 of June 18, 2015) . The experiments were carried out on 18 outbred female rats weighing 200-240 g. The animals were obtained from the vivarium of the National Center for Biotechnology. During the experiment the animals were housed in boxes of polypropylene (three each) and kept under controlled environmental conditions of temperature (22 ± 2 ºC) and lighting (12-hour cycle of light and 12 hours dark). Animals were in the standard conditions of the vivarium on a normal diet and free access to water and food (ad libitum). Control and experimental animals were in similar conditions and had the same initial mean mass.
To reproduce osteoporosis, an ovariectomy model was used, since it is known that hypoestrogenemia is accompanied by the development of osteoporosis (Haddad et al., 2015; Jung. et al., 2016) . The removal of the ovaries was carried out according to a conventional technique (Vasconcellos et al., 2004; Haddad et al.) . Under aseptic conditions, rats underwent a laparotomy under anesthesia -the skin was dissected along the midline of the abdomen, the muscles were bluntly extended, revealing the internal sexual organs of the female rats. The ovary was untied with ligatures from the uterus horns and blood vessels and excised. The wound was layer-by-layer closed and the treatment of the operating field with antiseptics was performed. Rats, which underwent laparotomy and had sutured wounds, formed a group of sham-ovariectomized animals.
The animals were divided into 3 study groups:
Group 1 (6 rats) -study group seven days after ovariectomy, animals were injected Osteochondrin S intraperitoneally in an amount of 0.2 ml per rat 3 times a week. The total duration of the introductions is 12 weeks; Group 2 (6 rats) -control group, received an equivoluminal amount (0.2 ml per rat) of a sterile physiological solution 3 times a week intraperitoneally, starting from the 7th day after ovariectomy. The total duration of the introductions is 12 weeks; Group 3 (6 rats) -sham-ovariectomized rats, received an equivoluminal amount (0.2 ml per rat) of a sterile physiological solution 3 times a week intraperitoneally, starting from the 7th day after laparotomy. The total duration of the introductions is 12 weeks.
To assess the osteoprotective properties, bone tissue density was measured 3 months after the procedure of ovariectomy. The density of bone tissue was studied on an Ivis Spectrum CT, PerkinElmer, USA.
The femur was taken for histological examination to perform a comparative morphological characterization in the control group of animals, and after treatment with the RNA preparation Osteochondrin S. For morphological study, the femur was fixed in a 10 % neutral formalin solution. After fixation histological tissue was embedded in wax-paraffin. Subsequently, paraffin sections with a thickness of 4-5 microns were made, which were stained with hematoxylin and eosin for a survey study, and an evaluation of the nature of the morphological processes in different groups of the experiment.
Study of the oxidative status in blood plasma of rats was done by FRAS 4 instrument (Evolvo s.r.l., Italy) using d-ROMs Test sets (shows the amount of ROS) and PAT Test (characterizes the total antioxidant activity of blood plasma).
The experiments were carried out in accordance with the "Rules of the European Convention for the Protection of Vertebrates used for experimental and other scientific purposes". The protocol for studying the osteoprotective properties of the Osteochondrin S RNA preparation was approved by the Local Ethical Commission of the National Center for Biotechnology.
RESULTS AND DISCUSSION
To reproduce osteoporosis in rats, a two-way ovariectomy model was used, since it is known that insufficiency of sex hormones is accompanied by the development of osteoporosis (Pérez-López; Haddad et al.; Jung et al.) .
In sham-ovariectomized rats, bone tissue is represented by a compact bone (cortical layer) and trabecular (spongy) bone. The external (periosteal) and internal (endocostal) bone surfaces are lined with bone-forming cells that form the periosteum and endosteum. Morphological composition of bone tissue is represented by cellular elements, intercellular substance (matrix), mineral components. Cellular elements of bone tissue are determined: osteoblasts, osteocytes, osteoclasts (Fig. 1 ).
In the animals of the control group, osteoporotic changes in the bones of the skeleton were histologically confirmed in all rats after ovariectomy. In the spongy substance, thinning of the latticed network of trabeculae and microperforation of bone plates were observed; the trabeculae network was partially interrupted in places as a result of the disappearance of horizontal trabeculae. In addition, micro fractures of bone trabeculae were noted in individual histological specimens. In vessels of medium and small caliber there is arterial, venous plethora and moderate proliferation of the endothelium. Cellular elements of bone tissue are defined with a decrease in osteoblasts and osteocytes, an increase in osteoclasts (Fig. 2) .
Rats develop impaired vascular endothelial function, including the microcirculatory bed of bone tissue, as evidenced by the moderate proliferation of endothelium with endothelial dysfunction. The blood filling of capillaries in the bone tissue significantly worsens, which leads to the development of generalized osteoporosis, accompanied by thinning of the bone trabeculae and the appearance of microfractures in them. Thus, after ovariectomy in female rats, obvious signs of systemic osteoporotic changes in the bones of the skeleton were developed, characterized by thinning of the bone trabeculae, leading to a decrease in their mechanical strength and, as a consequence, the appearance of micro-fractures.
In the group of animals with ovariectomy receiving the RNA preparation Osteochondrin S, the ratio of compact and trabecular layers is not violated. Bone tissue is represented by a cortical layer and a spongy substance. The periosteal and endocostal bone surfaces are represented by bone-forming cells. Bone tissue consists of cellular elements, matrix and mineral components. The main cellular elements of bone tissue are determined -osteoblasts, osteocytes and osteoclasts. The predominantly normal ratio of bone tissue to spongy substance is revealed -1: 1 (Fig. 3) .
Based on the obtained pathomorphological data, it can be concluded that the use of Osteochondrin S prevents the destruction of bone tissue.
To further evaluate the osteoprotective properties, bone density was measured 3 months after the ovariectomy procedure. The density of bone tissue was studied on an Ivis Spectrum CT, PerkinElmer, USA. Table I presents the measurements of bone density of animals with the model of osteoporosis and animals administered Osteochondrin S.
The results obtained during the determination of bone density fully confirm the data of the morphological study. In animals with ovariectomy, the density of bone tissue decreases in comparison with sham-ovariectomized rats.
In the group of animals treated with Osteochondrin S, the bone density is higher than in the untreated control group, the bone density index reaches values in animals without ovariectomy. It can be argued that the drug Osteochondrin S is able to prevent the development of osteoporosis in animals with ovariectomy.
Ovariectomy in rats, like estrogen deficiency in women, provokes an increase in the processes of lipid peroxidation, and is one of the causes of oxidative stress (López-Grueso et al., 2014; Machi et al., 2016) . The results of the study of the antioxidant effects of the Osteochondrin S under the conditions of the model of osteoporosis caused by the insufficiency of sex hormones in rats are presented in Table II .
D-ROMs test shows the concentration of active oxygen species (AOS) in the blood plasma. Against the background of insufficiency of sex hormones in rats, the concentration of AOS increases in the control group. RNAcontaining drug Osteochondrin S promotes decrease in AOS.
PAT test allows to measure the antioxidant potential of blood plasma. In rats with osteoporosis caused by the insufficiency of sex hormones, the antioxidant potential decreases compared to the untreated rats in all study groups. Introduction Osteochondrin S somewhat limits the degree of reduction in the antioxidant potential of the blood plasma.
Thus, the data of morphology and densitometry prove that Osteochondrin S prevents the destruction of bone tissue in animals against the background of a lack of sex hormones, which may be due to the limitation of increasing the level of free radicals and reducing the level of antioxidants in the Table I . Effect of Osteochondrin S on bone density in rats with a model of osteoporosis caused by insufficiency of sex hormones in rats.
blood plasma of rats after ovariectomy. The data obtained by us agree with the results of Cantley et al. who found that Osteochondrin S is able to inhibit the activity of osteoclasts derived from human peripheral blood mononuclear cells, by using the colony stimulating factor and the nuclear factor kB receptor activator (RANK ligand). Both results serve as the basis for the assumption that the Osteochondrin S substance has a potential for osteoprotective activity.
CONCLUSION
Results of morphology and densitometry confirm that Osteochondrin S has a pronounced osteoprotective activity, preventing the destruction of bone tissue in animals with insufficiency of sex hormones. Osteochondrin S is able to limit the development of oxidative stress in animals with ovariectomy.
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RESUMEN:
El objetivo de este estudio fue evaluar las propiedades osteoprotectoras del fármaco que contiene ARN Osteocondrina S en ratas, como modelo experimental de osteoporosis. La Osteocondrina S contiene ARN de levadura y ARN de tejido conectivo de bovinos. Para modelar la osteoporosis en ratas se utilizó ovariectomía bilateral. Las ratas se dividieron en 3 grupos: grupo 1, ratas ovariectomizadas que recibieron Osteocondrin S; grupo 2, ratas ovariectomizadas recibieron solución salina; grupo 3 -ratas ovariectomizadas simuladas. Las ratas del grupo 1 recibieron Osteocondrina S, el grupo 2 solución de suero fisiológico tres veces por semana durante 12 semanas. En base a los datos morfológicos y los resultados de la densitometría, Osteocondrina S evita una disminución de la densidad ósea, es decir, exhibe propiedades osteoprotectoras. Ante la falta de hormonas sexuales en ratas, Osteocondrina S reduce las especies reactivas de oxígeno en el plasma sanguíneo y limita el grado de disminución de la capacidad antioxidante del plasma sanguíneo. PALABRAS CLAVE: Ovariectomía ; Osteoporosis; Osteocondrina S; Extractos de ARN.
